Paradoxical vocal cord motion (PVCM) is defined as closure of vocal cords improperly in inspirium. [1] The patients generally have obstructive airway complaints such as stridor, wheezing, dyspnea and cough while breathing. [1, 2] As it is a rarely seen functional disorder, generally misdiagnoses and treatments are made. [2, 3] PVCM is basically diagnosed by adduction of vocal cords in inspirium and observation of a rectangular posterior glottic fissure during laryngoscopic examination during an attack. [3, 4] However, there are publications notifying that the disease can be detected by applying provocative maneuvers which induce paradoxical vocal cord motions in the patients during asymptomatic period.
It has been reported that PVCM can be confused with laryngopharyngeal reflux, asthma and anxiety disorders and it can be also triggered by these diseases. The present study investigated the prevalence of PVCM in the society and its relationships with asthma, laryngopharyngeal reflux and anxiety disorders.
Materials and Methods
The study protocol was approved by the ethics committee of our university. Informed consent forms were taken from all patients. The study population was composed of the patients who had applied to pulmonary diseases, gastroenterology, psychiatry or ear nose throat (ENT) outpatient clinics due to vocal changes or respiratory symptoms. Among these patients, those with vocal changes, respiratory disorders, chronic coughs, episodic dyspnea, wheezing, inspiratory stridor symptoms or findings were directed to ENT polyclinics. Anamnesis and additional patient information of these patients were recorded. The patients with underlying neurologic deficit, history of upper respiratory tract operation which might lead to vocal cord dysfunction or the patients who rejected videolaryngoscopic examination or required mechanical ventilation were excluded from the study. The patients were subjected to videolaryngoscopic examination by ENT department and vocal cord motions were recorded by applying maneuvers, which provoke paradoxical vocal cord motions (deep and fast breathing, holding the breath, sniffling and fonation) during examination. Detection of posterior glottic fissure in inspiratory adduction during laryngoscopic examination was accepted as "paradoxical vocal cord adduction". All patients with paradoxical vocal cord motions were planned to be evaluated by gastroenterology, pulmonary diseases and psychiatry departments. In the selected patient population, it was planned to examine the prevalence of paradoxical vocal cord motions and the relationships between this functional disorder and asthma, laryngopharyngeal reflux and anxiety disorders.
Results
The study included a total of hundred patients: 36 men and 64 women ( Table 1 ). The mean age of the patients was 44.7±7.3 years while mean ages of women and men were 36.3±4.5 and 52.3±3.2 years, respectively. The patients with asthma (n=57) were referred to department of chest diseases, cases with gastroesophageal reflux (n=12) to gastroenterology and anxiety disorders (n=12) to psychiatry departments. Seven patients with vocal cord dysfunction applied to ENT polyclinics (Table 1) . Except for asthma, gastroesophageal reflux and psychological disorders no other systemic disorder caused vocal cord dysfunction.
All patients showed one of the symptoms or findings of vocal change (58%), respiratory disorder (62%), chronic cough (43%), episodic dyspnea (28%), wheezing (13%) and inspiratory stridor (7%) ( Table 1 ). Only one patient had asthma attack during videolaryngoscopic examination who was monitored during the attack. In endoscopic larynx examination, radix linguae and laryngeal regions of all patients were normal. When evaluated in terms of vocal cord function, inspiratory adduction and posterior glottic fissure were detected only in the patient who had attack during examination (Fig. 1 ). The patients with PVCM were evaluated by pulmonary diseases, gastroenterology and psychiatry departments.
Respiratory function test results and pulmonary findings were normal. After endoscopic examination applied to the patient with dyspeptic complaints, gastroesophageal reflux was diagnosed and the treatment was initiated. During psychiatric examination of the patient, anxiety induced by attacks was detected and use of sedative treatment was planned. Vocal cord functions of all other patients were considered as normal. It was seen that provocative exercises during asymptomatic period did not trigger vocal cord dysfunction.
Discussion
Larynx is an organ functioning as a valve between trachea and esophagus. [7] The muscle primarily responsible for vocal cords is posterior cricoarythenoid muscle. Adduction is basically ensured with lateral chricoarythenoid muscle. [7, 8] Glottic fissure during normal inspirium is controlled by medullar respiratory area by means of vagal nerve. Therefore, vocal cord abduction is ensured with contraction of posterior cricoarythenoid muscles. During normal expiration, tonic activity of the posterior cricoarythenoid muscle decreases and rima glottis constricts 10% and 40% with the contraction of lateral cricoarythenoid muscle. This narrowing starts immediately before expiration and continues during approximately 95% of the expiratory phase. [8, 9] It is known that the receptors in respiratory tracts lead to closure of vocal cords and coughing as a part of glottic closing reflex. This reflex is triggered with the stimulants which cause irritation. It is considered that these stimulations in the airways lead to development of glottic closing reflex in the individuals with hypersensitivity. [9] [10] [11] 
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Yalç›nkaya E, Güler ‹, Kocatürk S Paradoxical vocal cord motility was first introduced by Christopher as vocal cord dysfunction. [9] In the literature, it is defined with the terms "paradoxical vocal cord adduction, episodic paroxysmal laryngospasm, irritable larynx syndrome and respiratory dystonia". [12] [13] [14] Stimulation of airway receptors is caused by some factors such as laryngopharyngeal reflux, allergy, asthma, psychological disorders, rhinosinusitis and inhalation of irritating substances. [15, 16] Organic and non-organic factors were indicated in the etiology of PVCM disease. [17] It was stated that organic reasons are less frequently encountered than non-organic reasons. Organic reasons include brain stem compression, cortical or upper motor neuron damage, gastroesophageal reflux, nuclear or lower motor neuron damage while nonorganic reasons include simulative behaviors and conversion disorders. [18] [19] [20] PVCM is most frequently seen in young women. [19] In our study, 64% of the patients were female and their mean age was 36.3±4.5 years.
There are many case reports in the literature about vocal cord dysfunction. These cases are generally related to patients with attacks characterized by respiratory tract symptoms such as long-lasting coughing, dyspnea, vocal change, wheezing and stridor. [18, 20, 21] The gold standard in the diagnosis of PVCM is monitorization of vocal cords during an attack by means of videolaryngoscopy. [22, 23] Some publications have suggested establishment of diagnosis with stimulation of symptoms by provocative exercises during asymptomatic period. [6, 23, 24] In a study performed with asthma patients, Yelken et al. stimulated vocal cord motions during asymptomatic period with attack simulation and various maneuvers. They stated that 20 of 96 patients had PVCM. [6] Some authors have concluded that PVCM cannot be diagnosed with provocative exercises performed during asymptomatic period but it can be diagnosed during laryngoscopic examination made at the time of an attack or during exercise. [24, 25] Heimdal et al. developed 'continuous laryngoscopy' technique applied during treadmill exercise and stated that it was useful in establishment of the diagnosis of PVCM during asymptomatic period. [25] In our study, 99 of 100 patients were subjected to provocation maneuvers during asymptomatic period, however any PVCM was not encountered. In one of our patients who had attack during the examination, inspiratory adduction and posterior glottic fissure were detected at the time of vocal cord motions.
In differential diagnosis, asthma, laryngopharyngeal reflux and anxiety disorders should be taken into consideration. [26, 27] The symptoms of asthma include wheezing, dyspnea, feeling of pulmonary stress and cough as a result of immediate narrowing of small airways in the lungs.
While beta agonist medication is effective in the recovery of asthma symptoms, it is not effective on PVCM symptoms. [28] It is considered that gastroesophageal reflux is one of the most frequent reasons, which trigger PVCM disease. Contact of stomach contents with laryngopharyngeal structures may lead to increased parasympathetic activity in internal laryngeal muscles and paroxysmal attacks. In a dog study, it was stated that a pH value lower than or equal to 2.5 had sensitized chemoreceptors in laryngeal mucosa and laryngospasm had occurred with the stimulation of the vagal nerve. [26] It is known that anxiety and emotional stresses do also trigger PVCM diseases. It was stated that the patients with PVCM disease are perfectionist, ambitious individuals with high anxiety level. [27] In our study, 57% of the patients had asthma, 24% gastroesophageal reflux and 12% anxiety disorders.
Treatment methods include application of heliox, nebulized lignocain, anticholinergic inhalation, positive air pressure, sedative and anxiolytic agents at the time of the attack. [28, 29] In some publications it has been indicated that psychotherapy, talking therapies and injection of botilinium toxin can be useful chronic treatment modalities. [30, 31] The asthma treatment applied to our patient with PVCM disease was given up and talking therapy (6 sessions) was initiated in addition to a stomach protective therapy (proton pump inhibitor) and a sedative agent (serotonin receptor antagonist). It was reported that attacks of the patient did not recur during the 6-month follow-up period. In conclusion, 'paradoxical vocal cord motions' are generally mistaken with asthma and misdiagnoses are made and faulty treatments are applied. Although PVCM is a rarely seen disease, it should be taken into consideration by the clinicians as it may lead to serious problems in non-diagnosed patients. The present study shows that PVCM can be diagnosed by provocative exercises performed at the time of the attack, not during asymptomatic period.
